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(57) ABSTRACT

The invention relates to a semiconducting structure intended
to emit light, comprising a first semiconducting region (10)
with a first type of conductivity, and a second semiconducting
region (20) with a second type of conductivity, at least on a
portion (220, 210), so as to form a junction semiconducting
with the first region (10). This second region (20) has at least
a first portion (210) 1n contact with the first region (10), this
first portion (210) comprising at least one first and one second
carrier confinement zone (211, 212). The structure (1) com-
prises at least a first means of polarizing the first portion (210)
adapted to apply direct first external polarization to the first
portion (210) in order to modily the distribution of carriers of
at least one type of conductivity 1n the first portion (210)
relative to the first and second confinement zones (211, 212).
The mvention also relates to a method of manufacturing a
semiconducting structure (1) and a device comprising at least
such a structure (1).
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SEMICONDUCTING STRUCTURE WITH
SWITCHABLE EMISSION ZONES, METHOD

OF MANUFACTURING SUCH A STRUCTURE
AND SEMICONDUCTING DEVICE
COMPRISING SUCHA STRUCTURE

TECHNICAL DOMAIN

The mnvention relates to the domain of light emitting
devices.

Semiconducting structures designed to emit light have
become 1nevitable over the last decade for lighting and also
for mformation display, as part of an ongoing attempt to
improve the energy etliciency of daily used apparatus.

Thus, intense research 1s currently focussed on these struc-
tures to improve their performances, particularly concerning,
emission elliciencies and possibilities of varying possible
lighting conditions.

Therefore, the invention 1s most particularly applicable to a
semiconducting structure with switchable emission zones, a
method of manufacturing such a structure and a device com-
prising such a structure.

STATE OF PRIOR ART

Semiconducting structures designed to emit light usually
contain two semiconducting regions 1n contact with each
other, the first semiconducting region having a first type of
conductivity and the second semiconducting region compris-
ing at least one portion having a second type of conductivity.
Thus, semiconducting structures have a semiconducting
junction between their first and second semiconducting
regions.

The second region of this type of semiconducting structure
usually has a first portion comprising a concentration of
majority carriers lower than the concentration in the first
region, such that the junction extends mainly 1n said second
region and recombinations of electron-hole pairs generating,
photons take place mainly 1n thas first portion. This 1s usually
achieved through the use of a non-intentionally doped type
first portion.

In the above and throughout the remainder of this docu-
ment, semiconducting junction refers to the space charge
zone that 1s created at the junction between two semiconduct-
ing regions with opposite types of conductivity, for example
such as between two semiconducting regions, one of which
has the type of conductivity in which the majority carriers are
clectrons and the other has the type of conductivity 1n which
the majority carriers are holes.

In the above and in the remainder of this document, “non-
intentionally doped type” means that the semiconducting
region or the portion of the semiconducting region 1s made
from a material 1n which no doping elements were intention-
ally added during 1ts formation. Thus, such a region or portion
of a region has a concentration of majority carriers that
remains for example of the order of 10*° cm™" for the case of
gallium nitride GaN with a conductivity of the type in which
the majority carriers are electrons.

In order to optimise the ratio of electron-hole pair combi-
nations in this first portion, this portion also comprises at least
a confinement zone capable of confining at least one type of
carrier such as quantum wells.

Thus, such structures can provide light emission with bet-
ter energy eificiency than imncandescent light sources or fluo-
compact tubes. Nevertheless, 11 such a confinement zone can
optimise the number of electron-hole pair recombinations,
these combinations take place mainly 1n this confinement
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zone and therefore the volume 1n which the recombinations
take place 1srelatively small. The result1s a limited maximum
emission capacity.

This problem can be overcome 1n a known manner by
forming a plurality, typically 3 to 6, of confinement zones to
increase the volume in which electron-hole pair combinations
take place.

Nevertheless, 1t the multiplication of confinement zones
can theoretically increase the volume 1n which electron-hole
pair recombinations take place, calculations and experiments
on such structures like those described 1n the work done by A.
DAVID et al. published 1n 2008 in the “Applied Physics
Letters” Scientific Journal No. 92 pages 053502 and the work
done by S. H. HAN et al. published in 2009 in the “Applied
Physics letters” Scientific Journal No. 94 pages 231123,
showed that electron-hole pair recombinations actually take
place only in one of the confinement zones.

PR

vs

SENTATION OF THE INVENTION

—

T'his invention 1s intended to overcome this disadvantage.

—

T'herefore one purpose of this mvention 1s to provide a
semiconducting structure that will emit light and that, com-
prising at least two carrier confinement zones, enables light
emission with recombinations of electron-hole pairs that take
place mainly in at least two confinement zones.

Another purpose of the invention 1s to provide a semicon-
ducting structure that will emit light and that, comprising at
least two confinement zones, enables switching of the con-
finement zone(s) 1n which the recombinations of electron-
hole pairs take place, and that could enable the modification
of the respective emitting rate of each confinement zone to
allow a modification of the emitting spectrum of the structure.

One particular purpose of the mmvention 1s to enable the
supply of a semiconducting structure for which the emission
wavelength can be adapted depending on needs.

To achieve this, the invention applies to a semiconducting,
structure that will emit light, comprising:

a first semiconducting region with a first type of conduc-

tivity;

a second semiconducting region with a second type of
conductivity, at least on one portion, so as to form a
semiconducting junction with the first region, this sec-
ond region having at least one {first portion in contact
with the first region and 1n which the semiconducting
junction extends at least partially, this first portion com-
prising at least one first and one second carrier coniine-
ment zone for at least one type of carrier,

the structure comprising at least one first means of polaris-
ing the first portion adapted to apply direct external
polarisation to the first portion 1n order to modily the
distribution of carriers of at least one type of conductiv-
ity relative to the first and the second confinement zones.

This change 1n the distribution of carriers of at least one
type of conductivity relative to the first and the second con-
finement zones makes 1t possible to select the confinement
zone(s) 1n which light emission takes place.

The first and the second confinement zones have different
band gap widths.

The first polarisation means may be a Schottky gate or
contact so as apply direct external polarisation to the first
portion without 1njection of carriers from this polarisation
means, such a polarisation means 1s different from a resistive
type of electrical contact that causes the injection of carriers
during application of polarisation and therefore does not
include simple submission to polarisation.
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In the above and 1n the remainder of this document, the
expression “modification to the distribution of carriers of at
least one type of conductivity” means that the polarisation
means 1s adapted to modify the distribution of carriers of at
least one type of conductivity while creating either an accu-
mulation zone or a depletion zone or even an 1nversion zone
for this type of carrier, by field effect. Such a modification to
the carrier distribution can modily the distribution of current
lines 1n the semiconducting zone concerned and the distribu-
tion of the space charge zone that extends 1n this semicon-
ducting zone. In the case 1n which the semiconducting zone 1s
of the non-intentionally doped type and therefore has only
slightly polarised conductivity, the concentration of majority
carriers 1s alfected by adjacent zones and therefore holes and
clectrons can be accumulated for this type of semiconducting
Zone.

Obviously, a modification to the distribution of carriers of
one type of conductivity does not mean that said polarisation
means atfects the distribution of carriers with the other type of
conductivity.

With such a structure, implementation of the first polarisa-
tion means can modily the distribution of carriers of at least
one type of conductivity in the first portion relative to the first
and the second confinement zones, due to a field effect. Thus,
this distribution can be modified so as to select the confine-
ment zone 1n one of the two confinement zones 1n which most
light emission takes place. With polarisation of the light emis-
s101, 1t 15 also possible to modily the distribution of carriers of
at least one type of conductivity such that emission takes
place 1n both the first and the second confinement zones.
Thus, the volume 1n which recombinations of electron-hole
pairs take place 1s larger than 1n structures according to prior
art that do not have such a first polarisation means. The latter
possibility makes it possible to increase the emission capacity
of such a structure in comparison with structures according to
prior art.

Furthermore, with such a structure, in the case in which
confinement zones are adapted to have band gaps and there-
fore emission wavelengths different from each other, the
emission wavelength of the structure can be changed by
modifying the distribution of carriers of at least one type of
conductivity relative to confinement zones, using the first
polarisation means.

The first portion may have a lower concentration of major-
ity carriers than the first region, the concentration of majority
carriers 1n the first portion of the second region preferably
being less than the concentration in the first region by a factor
of at least ten or even fifty.

The first portion may be of the non-intentionally doped
type.

Such a low concentration of majority carriers in the first
portion of the second region 1 comparison with the first
region 1s particularly conducive to obtaining a significant
modification to the distribution of carriers, equally with the
first type of conductivity and with the second type of conduc-
tivity. Thus, the voltage to be applied to the first polarisation
means to modily the distribution of the given junction
remains less than 1t 1s for a structure in which a first portion of
the second region has a higher concentration of majority
carriers.

Each confinement zone may comprise a quantum well for
at least one type of carrier.

The portion with the second type of conductivity, called the
second portion, may be distinct from the first portion.

Thus the mvention also relates to a semiconducting struc-
ture, designed to emit light, comprising:
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a first semiconducting region with a first type of conduc-
tivity,

a second semiconducting region with at least one first and
one second portion, the first portion being in contact
with the first region and comprising a lower concentra-
tion ol majority carriers than the first region, the second
portion having a second type of conductivity opposite
the first type of conductivity so as to form a semicon-
ducting junction with the first region that extends 1n the
first portion, this first portion comprising at least one first
and one second confinement zones of carriers for at least
one type of carrier,

the structure comprising at least one first means of polaris-
ing the first portion adapted to apply direct external polarisa-
tion to the first portion 1n order to modily the distribution of
carriers of at least one type of conductivity in the first portion
relative to the first and the second confinement zones.

Such a structure benefits from the invention particularly
due to 1ts first portion. The semiconducting junction 1n such a
structure extends mainly 1n this first portion and therefore can
casily be modulated so as to select the confinement zone(s) 1n
which emission takes place.

The first portion may be of the non-intentionally doped
type.

Such a first portion of the second region 1s particularly
conducive to a significant modification to the distribution of
carriers with the first and the second types of conductivity.
Only a small quantity of carriers with one type of conductivity
1s necessary to modily the distribution of carriers and thus
modily the distribution of emission between the first and the
second confinement zones.

In the above and throughout the remainder of this docu-
ment, “a carrier type” refers to carriers corresponding to one
type of conductivity, in other words majority carriers with the
type of conductivity. Thus, as mentioned 1n this document, the
first and the second types of carrier refer to the majority
carriers with the first type and the second type of conductivity
respectively. Stmilarly, carriers with the first and second types
of conductivity refer to majority carriers with the first type
and the second type of conductivity respectively.

The first portion may be the portion with the second type of
conductivity 1n the second region.

Thus the invention also relates to a semiconducting struc-
ture designed to emit light, comprising:

a first semiconducting region with a first type of conduc-

tivity,

a second semiconducting region with a second type of
conductivity on at least one first portion so as to form a
semiconducting junction with the first region, this first
portion being in contact with the first region and in
which the semiconducting junction extends, this first
portion comprising at least one first and one second
carrier confinement zones for at least one type of carrier,

the structure comprising at least one first means of polaris-
ing the first portion adapted to apply direct external polarisa-
tion to the first portion so as to modily the distribution of
carriers with at least one type of conductivity in the first
portion relative to the first and the second confinement zones.

Such a structure may be obtained with a smaller number of
manufacturing steps than a structure with a second region
comprising two distinct portions. The second region can be
formed 1n a single step without requiring an additional doping
or growth step other than the steps necessary to form the first
portion of the second region.

The first polarisation means can be located closer to the
second portion than the first region or closer to the first region
than the second portion such that this polarisation means
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causes a modification to the distribution of carriers with the
second type of conductivity and with the first type of conduc-
tivity 1n the first portion, respectively.

Such a first polarisation means can modity the distribution
of carriers of either the first or the second type of conductivity
relative to the first and the second confinement zones, that 1s
particularly efficient for this type of conductivity, the first
mean being located close to a semiconducting zone supplying,
a reservoir of carriers with this type of conductivity.

The first polarisation means may be located closer to the
second portion than to the first region such that polarisation of
the latter will cause a modification to the distribution of
carriers with the second type of conductivity 1n the first por-
tion.

The first polarisation means may be located closer to the
first region than to the second portion such that polarisation of
the latter will cause a modification to the distribution of
carriers with the first type of conductivity 1n the first portion.

The first polarisation means may be located at approxi-
mately equal distances from the second portion and the first
region such that polarisation of the latter will cause a modi-
fication to the distribution of carriers with the first and with
the second type of conductivity 1n the first portion.

In such a configuration, since the first means 1s at equal
distances from semiconducting zones with the first and the
second types of conductivity, the first means can affect the
distribution of carriers of the first and the second types of
conductivity.

A second polarisation means adapted to apply second
direct external polarisation to the first portion can also be
provided so as to modily the distribution of carriers of at least
one type of conductivity in the first portion relative to the first
and the second confinement zones.

Said second polarisation means may be located closer to
the other among second portion and the first region relative to
the first polarisation means, such that polarisation of this
second polarisation means causes a modification to the dis-
tribution of carriers of the first and second types of conduc-
tivity respectively, 1n the first portion.

Such second means can modily the distribution of carriers
ol at least one type of conductivity 1n parallel but distinctly
from the modification generated by the first polarisation
means, so as to obtain fine control of the distribution of
carriers in the first portion 1n comparison with the first and
second confinement zones. Such a possibility 1s particularly
adapted for a structure comprising more than two confine-
ment zones in the first portion of the second region.

Since the first polarisation means 1s located close to the
second portion, said second polarisation means may be
located closer to the first region than the first polarisation
means so that polarisation of this second polarisation means
modifies the distribution of carniers with the first type of
conductivity 1n the first portion.

Since the first polarisation means 1s located close to the first
region, said second polarisation means may be located closer
to the second portion than the first polarisation means such
that polarisation of this second polarisation means will
modily the distribution of carriers with the second type of
conductivity 1n the first portion.

Furthermore, for a first and second means respectively
located close to one an the other among the second portion
and the first region, these two polarisation means make 1t
possible to independently modily the distribution in the first
portion of carriers with the first and the second types of
conductivity, relative to the first and second confinement
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6

zones. Thus, the zone(s) 1n which the emission takes place can
be selected by varying the first and second external polarisa-
tions.

The first portion may be a layer extending 1n a layer plane
comprising a first and a second face, the first and second
confinement zones extending along a layer plane approxi-
mately parallel to each other, the second portion of the second
region and the first polarisation means being located 1n a
complementary manner on the second face of the first portion.

The first portion of the second region may be 1n the form of
a layer comprising a layer plane and a first and a second face,
the first and the second confinement zones extending along
the layer plane approximately parallel to each other, and 1n
which the second portion of the second region 1s in contact
with the first portion of this second region on part of the
second face of said first portion, the first polarisation means
being located to apply a first external polarisation to the first
portion along a second part of the second face that 1s comple-
mentary to the first part of the second face.

These two configurations of the structure are particularly
suitable for a vertical type structure, 1n other words formed
across the thickness of a semiconducting support.

The first portion of the second region may extend longitu-
dinally along a layer plane from the first region, the first
portion having a first and a second longitudinal face, the first
and second confinement zones extending along the layer
plane facing the first and second faces of the first portion
respectively, the first polarisation means being located on the
second face of the first portion.

The first portion of the second region may extend longitu-
dinally along a layer plane from the first region, the first
portion having a first and a second longitudinal face, the first
and second confinement zones extending in the first portion of
the second region along the layer plane facing the first and
second faces of the first portion of the second region respec-
tively, the first polarisation means being located on the second
tace of the first portion of the second region such that polari-
sation of the first polarisation means causes a modification to
the distribution of carriers with at least one type of conduc-
tivity.

The second portion of the second region may be 1n contact
with the first portion approximately opposite the first region,
the first and the second regions being in the form of a layer.

The first portion may extend longitudinally between the
first region and the second portion along a layer plane, said
first portion having a first and a second longitudinal face, the
first and second confinement zones extending 1n the portion of
the second region along the layer plane facing the first and
second faces of the first portion of the second region respec-
tively, the first polarisation means being located on the second
face of the first portion of the second region close to the
second region such that polarisation of the first polarisation
means modifies the distribution of carriers with at least one
type of conductivity.

The first and the second region may be present 1n a single
layer, this layer defining a layer plane, the first portion extend-
ing longitudinally from the first region along the layer plane,
said first portion having a first and a second longitudinal face,
the first and the second confinement zones extending along
the layer plane facing the first and the second faces of the first
portion respectively, the first polarisation means being
located on the second face of the first portion of the second
region such that polarisation of the first polarisation means
modifies the distribution of carriers with at least one type of
conductivity.

Such configurations are particularly adapted for a planar
type structure.
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The second polarisation means may be located on the first
tace or the second face of the first portion of the second region
such that polarisation of the second polarisation means waill
modily the distribution of carriers with the other type of
conductivity among the first and the second types of conduc-
tivity, 1n the first portion.

With such a configuration, the confinement zone(s) in
which the emission takes place can be precisely controlled.

The first polarisation means may comprise a conducting,
layer separated from the first portion by a layer of insulating
maternial, said conducting layer being located close to the
portion of the second region with the second type of conduc-
tivity.

Such a configuration of the first polarisation means 1s par-
ticularly adapted to modify the distribution of at least one type
of carrier by field effect.

The second polarisation means may comprise a conducting,
layer separated from the first portion by a layer of imnsulating
maternal, said conducting layer being located close to the first
region.

The band gaps of the first and the second confinement
zones may be different from each other.

Thus, the emission wavelength of the structure can be
modulated by modulating the distribution of the junction in
the first and second confinement zones and therefore the
power emitted 1n each of these zones.

The second region may also comprise a third confinement
zone, the first, second and third confinement zones having
band gaps adapted so that emission wavelengths of these
confinement zones are distributed over part of the range of
visible wavelengths, and preferably over most of the range of
visible wavelengths, or even over the entire range of visible
wavelengths.

Such a structure can modulate the emission wavelength 1n
the visible range, particularly so that predominantly white
light can be emitted by moditying the emission temperature,
when the range of visible wavelengths over which emission
wavelengths from confinement zones are distributed 1s appro-
priate. Thus, with a single structure, it 1s possible to change
from emission of particularly hot white light, in other words
tending towards the red, to a particularly cold white light, in
other words tending towards the blue.

The first, second and third confinement zones may be
adapted to have emission wavelengths in the red, blue and
green respectively.

The mvention also relates to a method of manufacturing a
semiconducting structure comprising the following steps:

supply a second semiconducting region comprising at least

one first portion 1 which there are first and second
carrier confinement zones for at least one type of carri-
ers, said second region having a second type of conduc-
tivity, at least on one portion,

formation of a first semiconducting region with a first type

of conductivity in contact with the second region so as to
form a semiconducting junction with the portion of the
second region that has the second type of conductivity,
said junction extending 1n the first portion of the second
region,

formation of at least one first means of polarising the first

portion of the second region adapted to modify the dis-
tribution of carriers with at least one type of conductivity
in the first portion relative to the first and second con-
finement zones.

Such a manufacturing method can result 1n a structure 1n
which the distribution of emission between each confinement
zone can be modulated.
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The invention also relates to a semiconducting device com-
prising a plurality of semiconducting structures that will emit
light, the device comprising at least one semiconducting
structure according to the mvention.

The emission from each of the structures according to the
invention can be varied to provide a variable display surface
for example like a screen. This thus avoids the need to use
several structures, each dedicated to one colour, to obtain a
variation of the emitted light.

BRIEF DESCRIPTION OF THE DRAWINGS

This mnvention will be better understood after reading the
description of non-limitative example embodiments given
purely for information with reference to the appended draw-
ings i which:

FIGS. 1a to 1e show an example of the semiconducting
structure with its operating principle according to a first
embodiment of the invention, FIGS. 1q and 15 1llustrating a
sectional and top views respectively of the structure, FIGS. 1c¢
to 1e 1llustrating a sectional view during operation in which
emission takes place 1n a first confinement zone, 1n a first and
a second confinement zone, and 1n a second confinement
zone, respectively,

FIGS. 2a to 2d illustrate the variation in emitted power P, ,
in each of the confinement zones of the structure shown 1n
FIG. 1, for four polarisation values of the first polarisation
means,

FIG. 3 shows a structure according to a second embodi-
ment 1n which there are three confinement zones adapted to
emit at three different wavelengths and 1n which the confine-
ment zone(s) 1n which the emission takes place are selected
by means of a first polarisation means,

FIGS. 4a and 4b 1llustrate the vanation in emitted power
P, . 1n each of the confinement zones of the structure shown 1n
FIG. 3 for two polarisation values of the first polarisation
means,

FIGS. 5a to 5d illustrate a method of manufacturing a
structure as shown 1n FIG. 3,

FIGS. 6a and 6d 1illustrate a method of manufacturing a
structure according to one possible variant of the second
embodiment,

FIGS. 7a and 7b each illustrate a structure according to a
third embodiment 1n which a second polarisation means 1s
also provided to fine tune the selection of the confinement
zone(s ) 1n which emission mainly takes place, the first and the

second polarisation means being located on opposite faces of
the structure in FIG. 7a and on the same face of the structure
in FI1G. 75,

FIGS. 8a and 85 1llustrate the variation of emitted power
P,, 1n each confinement zone of the structure shown 1n FIG.
7a for two polarisation values of the first and the second
polarisation means,

FIGS. 9a to 9e illustrate a method of manufacturing a
structure according to one possible variant of the third
embodiment.

The same numbers are used to reference 1dentical, similar
or equivalent parts of the different figures so as to facilitate
comparisons between the different figures.

The different parts shown in the figures are not necessarily
all at the same scale, to make the figures more easily under-
standable.

The different possibilities (variants and embodiments)
should be understood as not being mutually exclusive and
they can be combined with each other.
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DETAILED PRESENTATION OF PARTICULAR
EMBODIMENTS

FIG. 1 shows a semiconducting structure 1 designed to
emit light that comprises several confinement zones 1n which
light emission can take place, and 1s adapted to enable selec-
tion and switching of the confinement zone(s) 1n which light
emission takes place.

Although such a structure according to the invention can be
adapted to emit light 1n a range varying from the deep ultra-
violet to the far infrared depending on the materials from
which 1t 1s made, the following describes a particular appli-
cation of the invention 1n which the structure 1s adapted to
emit within a range of visible wavelengths. Thus, the values
and materials mentioned below and throughout the remainder
of this document, when specified, only concern the particular
application and therefore do not in any way limait the scope of
the 1nvention.

Such a structure 1 according to a first embodiment of the
invention comprises:

a semiconducting support 100 forming a first semiconduct-

ing region 10 with a first type of conductivity,

a second semiconducting region 20 in contact with the
support 100, said second region 20 comprising a first
portion 210 of the non-intentionally doped type, com-
prising three confinement zones 211, 212, 213, and a
second portion 220 with a second type of conductivity
opposite the first type of conductivity, the first and sec-
ond portions 210, 220 being located relative to the first
region 10 so as to form a semiconducting junction with
this first region, extending mainly in the first portion
210,

first and second electrical contacts 410, 420 suitable for
clectrically connecting the first and the second regions
10, 20 respectively,

a first polarisation gate located to apply direct first external
polarisation to the first portion 210 to and thus modify
the distribution of carriers of the first and second types of
conductivity 1n the first portion 210 relative to the con-
finement zones 211, 212, 213.

The support 100 as shown 1n FIG. 1a 1s an approximately
plane semiconducting support with a first and a second face.
The support 100 1s made from a preferably direct band gap
semiconducting material such as gallium nitride GalN or zinc
nitride ZnO. The support 100 has the first type of conductiv-
ity.

“Direct band gap semiconducting material” means that the
semiconducting material has 1ts valence band maximum
energy and its conduction band minimum energy values at
approximately equal values of the wave vector k 1n the energy
dispersion diagram of said semiconducting material.

In the particular application, the support 100 1s made of
gallium nitride GaN. According to this application, the first
type of conductivity 1s a type of conductivity 1n which the
majority carriers are electrons. In the particular application,
the concentration ol majority carriers in the support 100 1s
greater than or equal to 10" cm™.

The second region 20 1s in contact with the support and
therefore with the first region 10, on 1ts second face by means
of the first portion 210 of the second region 20.

As shown 1n FIG. 1a, the first portion 210 1s an approxi-
mately plane semiconducting layer that extends along the
second face of the support 100. The first portion 210 com-
prises a layer plane and a first and a second face, the first face
of the first portion 210 being 1n contact with the support 100.

The first portion 210 1s made principally from a direct band
gap semiconducting material 1n which the confinement zones
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211,212,213 are made from at least one other direct band gap
semiconducting material. The first portion 1s preferably of the
non-intentionally doped type such that the junction extends
over the entire thickness of the first portion. According to this
possibility, the concentration of majority carriers may be of
the order of 10'° cm™. It should be noted that as a variant to
a first portion of the non-intentionally doped type, this portion
may have a first type of conductivity or a second type of
conductivity opposite the first type of conductivity.

In the particular application, the first portion 1s made prin-
cipally of gallium nitride GaN. According to this particular
application, the first portion has the first type of conductivity
with a concentration of majority carriers equal to approxi-
mately 10'® cm™.

The first portion 210 comprises the first, second and third
confinement zones 211, 212, 213. Each of the confinement
zones 211, 212, 213 1s formed from a sub-layer of the first
portion 210. Thus, the first confinement zone 211 1s formed
from a sub-layer that extends along the layer plane of the first
portion facing the first face of the first portion, while the
second confinement zone 212 1s facing the second face of the
first portion 210. The third confinement zone 213 1s formed
from a sub-layer that also extends along the layer plane of the
first portion 210, located between the first and the second
confinement zone 211, 212, 1n the same way as the sub-layers
forming the first and second confinement zones 211, 212.
Each confinement zone 1s between 1 and 10 nm thick, the
distance between two subsequent zones being of the same
order of magnitude.

According to a first possibility of the invention in which the
high emission capacities of the invention are particularly
useful, the first, second and third confinement zones 211, 212,
213 may be made from the same material and may have the
same dimensional characteristics.

According to a second possibility of the invention in which
the capacities of the invention to provide a variable emission
wavelength are exploited, the first, second and third confine-
ment zones 211, 212, 213 may be made from different mate-
rials and/or their dimensional characteristics may be different
from each other, so as to have different emission wavelengths
in each of the three confinement zones 211, 212, 213.

According to this second possibility and the particular
application, the first, second and third zones 211,212, 213 are
adapted to emit approximately in the violet (wavelength
about 420 nm), green (wavelength about 480 nm) and yellow
(wavelength about 3530 nm) such that their emission wave-
lengths are distributed within the range of visible wave-
lengths. To achieve this, the first, second and third zones 211,
212, 213 may be made from indium and gallium nitride
In_Ga,_ N, for example with proportions of indium equal to
10%, 30% and 20% respectively. In this particular applica-
tion, the thickness of confinement zones 211, 212, 213 is
approximately the same and 1s between 1 and 10 nm with a
space between two consecutive confinement zones equal to
the same order of magnitude.

Part of the second face of the first portion 210 1s 1n contact
with the second portion 220 of the second region.

The second portion 220 of the second region 20 as shown
in FIGS. 1a and 15 1s 1in the form of a cylindrical pad, the
second face of the base of the pad being 1n contact with the
first portion 210. The second portion 220 1s made from a
preferably direct band gap semiconducting material. The sec-
ond portion 220 has a second type of conductivity opposite
the first type of conductivity. According to the operating
principle of this first embodiment, the lateral dimensions of
the second portion 220 may be small relative to the dimen-
s1ons of the first portion 210.
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In the particular application, the second portion 220 of the
second region 1s made from gallium nitride GaN. The second
portion 220 has the second type of conductivity that 1s oppo-
site the first type of conductivity, in other words the type of
conductivity for which majority carriers are holes.

The part ol the second face of the first portion 210 that1s not
covered by the second portion 220 1s 1n contact with the
polarisation gate 310. In such a configuration, the polarisation
gate 1s closer to the second portion 220 than the first region 10.

In this way, the second portion 220 of the second region 20
and the polarisation gate 310 are located 1n a complementary
manner on the second face of the first portion 210.

The polarisation gate 310 comprises an insulating layer
311 and a conducting layer 312.

The msulating layer 311 covers the part of the second face
of the first portion 210 that 1s not covered by the second
portion 220. The nsulating layer 311 1s made from an elec-
trically insulating material such as silicon dioxide $10.,,
hatnium dioxide H1O, or another material with high dielec-
tric constant (known as a “high k” material). The thickness of
the insulating layer 311 1s between 1 to 10 nm so as to
clectrically 1solate the conducting layer 312 from the first
portion 210.

In the particular application, the insulating layer 311 1s
made from haitnium dioxide H1O.,,.

The conducting layer 312 covers the msulating layer 311
such that polarisation of this insulating layer modifies the
distribution of carriers with the second type of conductivity in
the first portion 210 so that carriers with the second type of
conductivity are accumulated or depleted 1n the first portion.

The conducting layer 312 1s preferably adapted to be trans-
parent to light emitted by the structure 1 so as to allow the
light to escape from the structure 1 after 1t has been emitted.
Thus according to this possibility, the conducting layer may
be made from indium and tin oxide (ITO) as 1s the case 1n the
particular application.

The support 100 and the second portion 220 are both pro-
vided with an adapted electrical contact 410, 420 respec-
tively, to form a light emitting diode. The electrical contacts
410, 420 are both adapted to form a resistive contact with the
region 10 and/or portion 220 on which 1t 1s 1nstalled.

Thus, 1n the particular application, the first contact 410 that
1s 1n contact with the support 100 1s adapted to form a resistive
contact with a gallium nitride GaN for which the type of
conductivity 1s the type for which the majority carriers are
electrons, while the second contact 420 that 1s 1n contact with
the second portion 220 of the second region 20 1s adapted to
form a resistive contact with a gallium nitride GalN for which
the type of conductivity 1s the type for which the majority
carriers are holes.

FIGS. 1c to 1e and FIGS. 2a to 2d 1llustrate the operating,
principle of such a structure when it 1s according to the par-
ticular application.

Thus, FIG. 1¢ shows operation of the structure when no
polarisation voltage 1s applied to the first polarisation gate
310. In this configuration, while the diode formed by the first
and second regions 10, 20 1s positively polarised, the first
polarisation gate 310 does not affect the first portion 210 of
the second region 20 when no polarisation 1s applied to it.
Therefore, this 1s the same configuration as for a diode
according to prior art, and emission takes place mainly in the
first confinement zone 211. When the {irst polarisation gate
310 1s polarised negatively relative to the voltage applied to
the second contact 420, the polarisation voltage of the first
polarisation gate 310 modifies the distribution of current lines
by spreading the current lines. This modification to the dis-
tribution of current lines modifies the distribution of majority
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carriers with the second type of conductivity by creating an
accumulation of these carriers as shown i FIGS. 14 and 1e.

Thus, 11 no voltage 1s applied to the first polarisation gate
310, the distribution of current lines 1s conducive to radiative
recombinations 1n the first confinement zone 211. When a
negative voltage 1s applied to the first polarisation gate 310,
the resulting spreading of current lines increases the volume
ol the third confinement zone 213 in which electron-hole pair
recombinations take place, so that as shown 1n FIG. 14, firstly
emission 1n the first and the third confinement zones 211, 213
1s equalised, and secondly emission 1n the third confinement
zone 213 becomes predominant at higher negative voltages.

The simulations graphically illustrated 1n FIGS. 2a to 24,
show this phenomenon by illustrating the variation in the
emitted light power P, along the height d of the structure 1. It
can be seen that for a polarisation of 0V applied to the first
polarisation gate 310, about 60% of the emitted light power
P, 1s emitted from the first zone 211. When the polarisation
voltage of the first polarisation gate 310 1s set to —4 V, as
shown 1n FIG. 25, the emitted power 1s distributed approxi-
mately equally between the first confinement zone 211 and
the third confinement zone 213.

Emission becomes predominant in the third confinement
zone to reach about 66% of the emitted light power for a
voltage of the first polarisation gate 310 equal to =20 V.

Thus, according to the particular application, the emission
light changes from tending towards the yellow to tending
towards the green.

A method of manufacturing a structure 1 according to this
first embodiment and the particular application may include
the following steps:

supply of a semiconducting support 100 with the first type

of conductivity for which the majority carriers are elec-
trons, said support 100 being made from gallium nitride

(aN,

formation of the first portion 210 of the second region 20 by
depositing a layer of gallium nitride GalN with the first
type of conductivity, this formation of indium In being

added to gallium nitride GaNlN so as to form the confine-
ment zones 211, 212, 213,

formation of a layer of gallium nitride GaN 1n contact with
the first portion 210 of the second region 20,
ctching of part of the layer of gallium nitride so as to leave
a single cylindrical pad on the surface of the first portion
210 and thus form the second portion 220 of the second
region 20 and therefore the second region 20 with the
first portion 210,
formation of a layer of hatnium dioxide HfO, on the sur-
face of the first portion 210 of the second region 20 that
1s not covered by the second portion 220 so as to form the
insulating layer 311,
formation of a conducting layer 312 in contact with the
insulating layer 311, said conducting layer 312 being
made from indium and tin oxide, said conducting layer
312 forming the first polarisation gate 310 with the 1nsu-
lating layer 311,
formation of the first and second electrical contacts 410,
420 1n contact with the support 100 and the second
portion 220 of the second region 20 respectively.
According to another possibility of the invention, the
method of manufacturing a structure 1 according to this first
embodiment may comprise the following three steps, instead
of the two steps for manufacturing the second portion 220 of
the second region 20 consisting of forming a layer of galllum
nitride GaN and etching part of 1t so as to form a pad:
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formation of amask leaving free only the part of the second
face of the first portion 210 that will come into contact
with the second portion 220 of the second region 20,

formation of the second portion 220 by selectively depos-
iting gallium nitride GaN 1n contact with the part of the
second face of the first portion 210 of the second region
20 that 1s not protected by the mask,

climination of the mask.

Such structures 1 can be fitted on a semiconducting device,
not shown, such that this semiconducting device forms an
information display device such as a screen. In such a device,
the structures 1 according to the invention 1n which emission
may be modulated independently of each other, can be orga-
nised 1n rows and columns.

FIG. 3 shows a structure 1 according to a second embodi-
ment 1n which the structure 1 1s a plane type structure.

A structure 1 according to this second embodiment 1s dii-
terent from a structure 1 according to the first embodiment 1n
that the first and second regions 10, 20 are 1n a single layer
called the active layer in contact with or without support 100,
therefore this support, when the structure 1 has a support does
not form the first region.

It should be noted that in this second embodiment, the first
and second types of conductivity of a structure 1 according to
the particular application are inverted from the types of con-
ductivity of a structure according to the first embodiment,
when 1t 1s according to the particular application. Thus, 1n this
second embodiment and according to the particular applica-
tion, the first type of conductivity 1s the type for which the
majority carriers are holes, the second type of conductivity
being the type for which the majority carriers are electrons.

The support 100 according to this second embodiment and
when the structure 1 has a support, 1s different {from a support
100 according to the first embodiment 1n that it can be made
from a material other than a semiconducting material, for
example such as sapphire Al,O;, and 1n that 1t 15 not neces-
sarily with the first type of conductivity, since its conducting
properties are not used for operation of the structure 1.
According to the possibility shown 1n FIG. 3, the structure 1
does not have a support 100.

In the particular application, the structure 1 has no support
100 and the first portion 210 of the second region 20 1s made
from gallium nitride GaN of the non-intentionally doped
type.

In this second embodiment, the first region 10 and the
second portion 220 of the second region 20 are both lateral
parts of the active layer and the first portion 210 of the second
region 1s a central part of this active layer. The first portion
210 forms the interface between the first region 10 and the
second portion 220 of the second region 20.

The first portion 210 extends longitudinally along the layer
plane of the active layer and comprises a first and a second
longitudinal face. In this second embodiment, the first, sec-
ond and third confinement zones 211, 212, 213 all lie 1n the
layer plane. The first confinement zone 211 1s facing the first
face while the second confinement zone 212 i1s facing the
second face of the first portion 210. The third confinement
zone 213 1s located between the first and the second confine-
ment zones 211, 212.

In this second embodiment, the first polarisation gate 310
tormed by the insulating layer 311 and the conducting layer
312, covers the second face of the first portion 210 of the
second region 20. The first and second electrical contacts 410,
420 are present on a single face of the active layer that is the
face on which the first region 10 and the second portion 220 of
the second region 20 are exposed. With such an arrangement
of the first polarisation gate 310, this gate 1s close to the first
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region 10 and the second portion 220 of the second region 20.
Thus, the first polarisation gate 1s at approximately at equal
distances from the first region 10 and the second portion 220.

According to the particular application, the first and the
second contacts 410, 420 are suitable to form a resistive
contact with the first region 10 and the second portion 220 of
the second region 20 respectively.

The operating principle of a structure 1 according to this
second embodiment 1s different from the operating principle
of a structure 1 according to the first embodiment in that
application of a polarisation voltage atfects the distribution of
carriers with the first and second types of conductivity with an
accumulation of electrons for a positive voltage and an accu-
mulation of holes for a negative voltage. Thus, with such an
clectrode, it 1s possible to modity the current lines and there-
fore the distribution of emission between the different con-
finement zones 211, 212, 213.

This phenomenon 1s shown 1n the simulation results 1llus-
trated 1n FIGS. 4a and 45. In FIG. 44, 1t can be seen that for a
polarisation of 0V applied to the first polarisation gate 310,
the emitted light power 1s similar in the second and third
confinement zones 211, 212. When the polarisation voltage of
the first polarisation gate 310 1s set to 20V as shown 1n FIG.
4b, the principal origin of the emitted power 1s the third
confinement zone 213, the proportion of light power emaitted
by the first and the second confinement zones 211, 212
accounting for less than 33% of the total of the emitted light
power T. A positive polarisation voltage of the first polarisa-
tion gate 310 relative to the first region 10 and to the second
portion 220 of the first region 20 causes an accumulation of
clectrons. The result 1s partial inhibition of light emission 1n
the second confinement zone 212, emission becoming pre-
dominant in the third confinement zone 213.

It should be noted that as a variant, a negative polarisation
of the first polarisation gate 310 creates an accumulation of
holes 1n the second confinement zone 212 leading to effects
similar to those described above.

FIGS. 5a to 3¢ illustrate the principal steps 1n a method of
manufacturing a structure 1 according to this second embodi-
ment. Such a manufacturing method 1n the case of a method
of manufacturing a structure 1 according to the particular
application, comprises the following steps:

as shown 1n FIG. 5a, supply of a non-intentionally doped

type layer of gallium nitride GaN, indium In having been

added to the gallium mitride during formation of the
layer so as to form the first, second and third confine-
ment zones 211, 212, 213,

as shown 1n FIG. 55, etching of part of the layer of Gallium
nitride GalN to expose two lateral parts of said layer
corresponding to the first region 10 and the second por-
tion 220 of the second region 20 respectively, said etch-
ing step defining the first portion 210 of the second
region 20,

formation of a zone of gallium nitride GalN with the first
type of conductivity 1n one of the parts exposed during
the etching step so as to form the first region 10,

formation of a zone of gallium nitride GalN with the second
type ol conductivity in the part of the two lateral parts
exposed during the etching step on which the first region
10 was not formed, so as to form the second portion 220
of the second region 20, the active layer and the second
region 20 being formed 1n the latter step as shown in
FIG. 3¢,

formation of the insulating layer 311 in contact with the
first portion 210 of the second region 20,
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formation of the conducting layer 312 in contact with the
insulating layer 311 so as to form the first polarisation
gate 310,

formation of the first and the second electrical contacts
410, 420 1n contact with the first region 10 and the
second portion 220 of the second region 20 respectively,
as shown 1n FIG. 5d.

FIGS. 6a to 6d illustrate a method of manufacturing a
structure 1 according to a variant of the second embodiment.

A structure 1 according to this variant of the second
embodiment 1s different from the structure according to the
second embodiment described above 1n that the second region
20 only comprises the first portion 210, as shown 1n FIG. 64,
this first portion having the second type of conductivity.

Thus according to this variant, the first portion 210 has the
second type of conductivity such that it forms a portion of the
second region 20 with the second type of conductivity.

Thus, 1 the particular application, the first portion 210 1s
made from a gallium nitride GaN with the second type of
conductivity, in other words the type of conductivity for
which the majority carriers are holes. The concentration of
majority carriers for the first portion 210 may be 10*® cm™.

The first portion 210 opposite the first region 10 1s fitted
with the second electrical contact 420.

The operating principle of a structure 1 according to this
variant of the second embodiment 1s 1dentical to the operating,
principle of a structure 1 according to the second embodiment
already described, except that when the first polarisation gate
310 1s polarised so as to create an accumulation with the
second type of conductivity, the majority carriers are derived
from this first portion 210.

A method of manufacturing a structure 1 according to this
variant of the second embodiment as shown 1n FIGS. 6a to 64
1s different from the manufacturing method according to the
second embodiment described above in that during the for-
mation of the layer of non-intentionally doped gallium nitride
GaN, this layer 1s made from gallium nitride GalN with the
second type of conductivity, in that, as shown in FIG. 65,
during the etching step, only a lateral part of the layer of
gallium nitride GaN 1s etched corresponding to the first region
10, and 1n that there 1s no step 1n which the second portion 220
of the second region 20 1s formed, since the structure 1 does
not have one.

It should also be noted that as shown 1n FIG. 6d, during the
step 1n which the electrical contacts 410, 420 are formed, the
second electrical contact 420 1s formed 1n contact with the
first portion 210 of the second region 20 on a lateral part of
this second region, the first polarisation gate 310 thus being in
a central position between the two electrical contacts 410,
420.

FI1G. 7a shows a structure 1 according to a third embodi-
ment of the imvention 1n which there 1s a second polarisation
gate 320. A structure 1 according to this third embodiment 1s
different from a structure according to the second embodi-
ment in that 1t also comprises a second polarisation gate 320.
This second polarisation gate 320 1s adapted so that polarisa-
tion of this gate will modify the distribution of carriers with
the first type of conductivity.

Majority carriers with the first type of conductivity in the
first portion 210 accumulate from the first region 10.

In the same way as for the second embodiment and as
shown 1n FI1G. 7, a structure 1 according to this third embodi-
ment does not have a support 100, the first portion 210 of the
second region 20 forming the major part of the structure 1.

In this third embodiment, the first polarisation gate 310 1s
in contact with the first portion 210 of the second region close
to the second portion 220 of the second region 20. The second
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polarisation gate 320 1s 1n contact with the first portion 210
close to the first region. The second polarisation gate 320 1s
located on the face of the first portion 210 opposite the first
polarisation gate 310.

The configuration of the second polarisation gate 320 1s
similar to the configuration of the first polarisation gate 310.
Thus, the second polarisation gate 320 comprises an isulat-
ing layer 321 in contact with the first portion 210 and a
conducting layer 322 in contact with the insulating layer 321.

The second polarisation gate 320 forms a polarisation
means located to polarise the first portion 210 and so that
polarisation of the second polarisation gate 320 modifies the
distribution of majority carriers with the first type of conduc-
tivity 1n the first portion 210.

The operating principle of a structure 1 according to this
third embodiment 1s to use the first and second polarisation
gates 310, 320 to modity the distribution of carriers of the
second and first types of conductivity respectively. Thus 1n
this third embodiment, the first polarisation gate 310 modifies
the distribution of carriers with the second type of conductiv-
ity when a voltage 1s applied, and generates either a depletion
zone or an accumulation zone of carriers with the second type
conductivity 1n the first portion 210. In the same way, the
second polarisation gate 320 modifies the distribution of car-
riers with the first type of conductivity and generates either a
depletion zone or an accumulation zone of carriers with the
first type of conductivity in the first portion 210. Therefore, by
modulating the polarisation of the first and second polarisa-
tion gates 310, 320, 1t 1s possible to modulate the distribution
of carriers of the first and second types of conductivity, and
therefore the distribution of current lines between the first,
second and third confinement zones 211, 212, 213. Such a
modification modulates the emission between the first, sec-
ond and third confinement zones 211, 212, 213.

Simulations of such a structure 1, for which the graphs are
shown 1n FIGS. 8a to 8b, 1llustrate this principle for a struc-
ture 1 according to the particular application. When no polari-
sation 1s applied to the polarisation gates 310, 320, as 1llus-
trated 1n FIG. 8a, the light power 1s output 1n both the second
and third confinement zones 212, 213. These two confine-
ment zones comprise the narrowest band gap, such that these
two confinement zones are the most conducive to passage of
current between the first region 10 and the second portion
220.

For a voltage of 10V applied to the first polarisation gate
310 and a voltage of 20V applied to the second polarisation
gate 320, the light power 1s emitted mainly 1n the third con-
finement zone 213 that accounts for about 70% of the total
emitted power, the power emitted 1n the first and the second
confinement zones 211, 212 corresponding to about 10% and
20% respectively of the total emitted power.

In this configuration, the voltage of 10V applied to the first
polarisation gate 310 makes 1t possible to generate a depletion
zone for the carners with the first type of conductivity, 1n
other words holes, close to this gate and therefore in the
second confinement zone. Therefore such a depletion zone
reduces the total number of electron-hole pairs recombina-
tions that take place 1n the second confinement zone 212. The
voltage of 20 V applied to the second polarisation gate 320
generates an accumulation with the second type of carrier, 1n
other words electrons, close to the polarisation gate and there-
fore 1n the first confinement zone 211 and partly 1n the third
confinement zone 213. Such a contribution of electrons in the
third confinement zone 213 increases the probability of meet-
ings between electrons and holes and electron-hole pair
recombinations. This results 1n an increase in the light power
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emitted 1n the third confinement zone 213. To a lesser extent,
this accumulation also increases the emitted power in the first
confinement zone 210.

The FIG. 7b shows a structure according to a second vari-
ant embodiment of a structure according to the third embodi-
ment i which the second polarisation gate 320 1s located on
the same face as the face on which the first polarisation gate
310 1s located. In this vanant, the second polarisation gate 1s
also close to the first region 10.

The operating principle 1s 1dentical to that for structure 1
according to the second embodiment described above, except
that the polarisation voltage of the second polarisation gate
320 must be imnverted if the same effects are to be obtained. In
this second embodiment, the second polarisation gate 320 1s
located close to the second confinement zone, and therefore
an electron depletion zone has to be created in the second
confinement zone 212, 1n order to create an electron accumu-
lation zone 1n the first confinement zone. Therefore, the
results shown 1n FIG. 85 may be obtained 1n such a structure
by application of a positive voltage on the first polarisation
gate 310 and a negative voltage on the second polarisation
gate 320.

FIGS. 94 to 9¢ show a method of manufacturing a structure
according to this third embodiment 1n the variant shown 1n
FIG. 7a using a possibility of the invention in which the
second region 20 does not comprise a second portion 220, the
first portion 210 having the second type of conductivity.
According to this possibility, as shown in FIG. 9e, the struc-
ture 1 1s 1n contact with a conducting substrate due to the first
polarisation gate 310.

Such a manufacturing method comprises the following
steps:

supply of a first support suitable for the formation of a layer

of gallium nitride GaN and comprising a sacrificial layer
on which the layer of gallium nitride GalN 1s formed,
as shown 1n FIG. 94, formation of a layer of gallium nitride
GaN with the second type of conductivity 1n contact with
the sacrificial layer, indium In being added into the gal-
lium nitride GalN during formation of the layer so as to
form the first, second and third confinement zones 211,

212, 213,

as shown 1n FIG. 95, etching of part of the layer of gallium
nitride GaN so as to expose a lateral portion of said layer
corresponding to the first region 10,

as shown 1n F1G. 9¢, formation of a zone of galllum nitride
GaN with the first type of conductivity on the part
exposed during the etching step so as to form the {first
region 10,

formation of an insulating layer 311 in contact with the
second region 20, said msulating layer 311 will form the
first polarisation gate 310,

as shown 1n FI1G. 94, formation of a conducting layer 312 in
contact with the msulating layer 311 that will form the
first polarisation gate 310 so as to form the first polari-
sation gate 310,

separation of the layer formed by the first and the second
regions 10, 20 of the first support by selective etching of
the sacrificial layer,

transfer of the layer formed by the first and the second
regions 10, 20 onto a conducting substrate, said layer
being brought into contact with the second substrate by
means of the first polarisation gate 310,

formation of an insulating layer 321 in contact with the
second region 20, said insulating layer 321 will be used
to form the second polarisation gate 320,
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formation of a conducting layer 322 in contact with the
insulating layer 321 that will be used to form the second
polarisation gate 320, so as to form the second polarisa-
tion gate 320,

formation of the first and second electrical contacts 410,
420 1n contact with the first region 10 and the second
portion 210 of the second region 20 respectively, as
shown 1n FIG. 9e.

It should be noted that although the confinement zones 211,
212, 213 1n the embodiments described above are formed by
quantum wells, the structure may comprise another type of
confinement zone different from quantum wells, for example
such as zones 1n which quantum boxes or quantum wires are
located, without going outside the scope of the invention.

Although the structure 1 described 1in the embodiments
described above comprises three confinement zones 211,
212, 213, 1t would also be possible for the structure 1 to
comprise only two confinement zones or more than three
confinement zones without going outside the scope of the
invention.

Furthermore, although the first polarisation gate 310 1n the
different embodiments described 1s adapted so that polarisa-
tion of this gate causes a modification to the distribution of
majority carriers with the second type of conductivity 1n the
first portion 210, such a characteristic does not prevent the
first polarisation gate 310 from being adapted so thata second
polarisation of this gate will cause a modification to the dis-
tribution of majority carriers with the first type of conductiv-
ity 1n the first portion 210. It should be noted that 1n general,
the appropriate second polarisation when the arrangement of
the first polarisation gate enables such a possibility, 1s the
reverse of the first appropriate polarisation. This comment 1s
also applicable to the second gate when the structure com-
prises a second gate. Obviously, these two possibilities
remain within the scope of the invention because they enable
a modification to the distribution of carriers of at least one
type of conductivity among the first and second types of
conductivity and a modification to the distribution of current
lines.

Although the first and second polarisation means consist of
polarisation gates 1n all the embodiments and variant embodi-
ments described above, without going outside the scope of the
invention, the structure according to the invention may also
comprise another means such as a Schottky contact, adapted
to apply an external electrical field to the first portion, pro-
vided that this Schottky contact 1s adapted to apply an exter-
nal polarisation to the first portion without injection of carri-
ers by this polarisation means.

Similarly, although in the embodiments and wvariant
embodiments described above, each of the first and second
polarisation means 1s close to either the first region or the
second portion, without going outside the scope of the inven-
tion, 1t would also be possible to envisage that at least one of
the first and the second polarisation means 1s located at a
distance from the first region and the second portion.
Although proximity can modily the distribution of carriers of
a given type of conductivity, this proximity 1s not necessary to
obtain a field effect that modifies the distribution of carriers of
at least one type of conductivity.

The invention claimed 1s:

1. A semiconducting structure mntended to emit light, com-
prising:

a first semiconducting region with a first type of conduc-

tivity,

a second semiconducting region comprising at least a first

portion, wherein the second semiconducting region
comprises at least a portion of the second type of con-
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ductivity which 1s etther the first portion itself or a sec-
ond portion of the second semiconducting region, so as
to form a semiconducting junction with the first semi-
conducting region, the first portion being 1in contact with
the first semiconducting region, wherein the first portion
extends at least partially along the semiconducting junc-
tion, this first portion comprising at least a first and a
second carrier confinement zone for at least one type of
carrier,
wherein the semiconducting structure comprises at least a
first means of polarisation of the first portion adapted to
apply direct first external polarisation to the first portion
in order to modity the distribution of carriers of at least
one type of conductivity 1n the first portion relative to the
first and the second confinement zones and to select the
conflnement zone(s) in which light emission takes place,

the first and second confinement zones having different
band gap widths.

2. The semiconducting structure according to claim 1,
wherein the portion with the second type of conductivity 1s a
second portion of the second semiconducting region distinct
from the first portion.

3. The semiconducting structure according to claim 1,
wherein the first portion 1s the portion with the second type of
conductivity in the second region.

4. The semiconducting structure according to claim 1,
wherein the first polarisation means 1s located close to one
among the second portion and the first semiconducting region
relative to the other among the second portion and the first
semiconducting region such that polarisation of the latter
modifies the distribution in the first portion of carriers among,
carriers with the second type of conductivity and the first type
of conductivity, respectively.

5. The semiconducting structure according to claim 1,
wherein the first polarisation means 1s located at approxi-
mately equal distances from the second portion and the first
semiconducting region such that polarisation of the latter
modifies the distribution of carriers with the first and second
types of conductivity 1n the first portion.

6. The semiconducting structure according to claim 1,
wherein a second polarisation means adapted to apply direct
second external polarisation to the first portion 1s also pro-
vided, to modity the distribution of carriers of at least one type
of conductivity 1n the first portion relative to the first and the
second confinement zones.

7. The semiconducting structure according to claim 4,
wherein a second polarisation means adapted to apply direct
second external polarisation to the first portion is also pro-
vided, to modily the distribution of carriers of atleast one type
of conductivity 1n the first portion relative to the first and the
second confinement zones and wherein the second polarisa-
tion means 1s located close to the other among the second
portion and the first semiconducting region relative to the first
polarisation means such that polarisation of this second
polarisation means modifies the distribution 1n the first por-
tion of carriers among the carriers of the first and second types
ol conductivity respectively.

8. The structure according to claim 2, wherein the first
portion 1s a layer extending along a layer plane and compris-
ing first and a second face, the first and second confinement
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zones extending along the layer plane approximately parallel
to each other, and wherein the second portion of the second
semiconducting region and the first polarisation means are
located 1n a complementary manner on the second face of the
first portion.

9. The semiconducting structure according to claim 1,
wherein the first portion of the second semiconducting region
extends along a layer plane longitudinally from the first semi-
conducting region, the first portion having a first and a second
longitudinal face, the first and the second confinement zones
extending along the layer plane facing the first and the second
face of the first portion respectively, the first polarisation
means being located on the second face of the first portion.

10. The semiconducting structure according to claim 2,
wherein the first portion of the second semiconducting region
extends along a layer plane longitudinally from the first semi-
conducting region, the first portion having a first and a second
longitudinal face, the first and the second confinement zones
extending along the layer plane facing the first and the second
face of the first portion respectively, the first polarisation
means being located on the second face of the first portion and
wherein the second portion of the second semiconducting
region 1s 1n contact with the first portion approximately oppo-
site the first semiconducting region, the first and the second
semiconducting regions being arranged to form a layer.

11. The semiconducting structure according to claim 7,
wherein the first portion of the second semiconducting region
extends along a layer plane longitudinally from the first semi-
conducting region, the first portion having a first and a second
longitudinal face, the first and the second confinement zones
extending along the layer plane facing the first and the second
face of the first portion respectively, the first polarisation
means being located on the second face of the first portion and
wherein the second polarisation means 1s located on one of
the first and second faces of the first portion of the second
region such that polarisation of the second polarisation means
modifies the distribution of carriers with the first type of
conductivity 1n the first portion.

12. The semiconducting structure according to claim 1,
wherein the first polarisation means comprises a conducting
layer separated from the first portion by a layer of insulating
material, the conducting layer being located close to the por-
tion of the second semiconducting region with the second
type of conductivity.

13. The semiconducting structure according to claim 1,
wherein the second semiconducting region also comprises a
third confinement zone, the first, the second and the third
conflnement zones having band gap widths such that emis-
sion wavelengths of these confinement zones are distributed
over part of the range of visible wavelengths including over
most of the range of visible wavelengths, or even over the
entire range of visible wavelengths.

14. A semiconducting device comprising a plurality of
semiconducting structures that will emit light, the device
being characterised in that it comprises at least one semicon-
ducting structure according to claim 1.
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